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1 . 0  I n t r o d u c t i o n  

The P r e l i m i n a r y  Requirements Review ( P R R )  f o r  t h e  
Apol lo  Telescope  Mount (ATM)  was conducted a t  t h e  Marshall Space 
F l i g h t  Cen te r  (MSFC) d u r i n g  t h e  week o f  J a n u a r y  2 2 ,  1968.  The 
ATM i n  c o n j u n c t i o n  w i t h  t he  a s c e n t  s t a g e  o f  t he  Lunar Module 
(LM-A)  w i l l  form t h e  pay load  f o r  m i s s i o n  AAP-4 of  t h e  Apol lo  
A p p l i c a t i o n s  Program (AAP) and t h e  LM-A/ATM i n  c o n j u n c t i o n  w i t h  
t h e  A A P  c l u s t e r  ( o r  t h e  Command and S e r v i c e  Module i n  a c o n t i n -  
gency mode) w i l l  be used by t h e  crew f o r  per formance  o f  s o l a r  
o b s e r v a t i o n s  and expe r imen t s .  A g e n e r a l  b r i e f i n g  on t h e  s t a t u s  
o f  t h e  p l a n n i n g  f o r  t h e  ATM p r o j e c t  was g i v e n  b y  r e p r e s e n t a t i v e s  
from MSFC on Janua ry  2 2 ,  1968.  T h i s  b r i e f i n g  i n c l u d e d  a summary 
o f  t h e  f u n c t i o n s  o f  and a d e s c r i p t i o n  o f  t h e  d e s i g n  o f  each  o f  
t h e  v a r i o u s  sys tems o f  t h e  ATM. Meet ings o f  a number o f  separate 
working groups  which i n c l u d e d  an  I n s t r u m e n t a t i o n  and Communica- 
t i o n s  ( I / C )  working group were h e l d  on J a n u a r y  23, 1968 .  M r .  
S. W. Fordyce,  NASA/MLA, and t h e  w r i t e r  were members o f  t h e  I / C  
working group which was c h a i r e d  by M r .  0. T .  Duggan, MSFC/R-ASTR-I. 
The pu rpose  of  t h i s  working group was t o  d i s c u s s  in -dep th  t h e  
sys tem d e s i g n  concep t s  and t o  p r e p a r e  Review I t e m  Discrepancy  
( R I D )  forms recommending changes i n  t h e  c u r r e n t  c o n c e p t u a l  d e s i g n  
and o p e r a t i o n  o f  t h e  I / C  system o r  i d e n t i f y i n g  areas r e q u i r i n g  
f u r t h e r  s t u d y  as a p p r o p r i a t e .  These R I D ' s  were s u b m i t t e d  t o  
f o r m a l  rev iew boa rds  f o r  d i s p o s i t i o n .  

T h i s  memorandum i n c l u d e s  a d i s c u s s i o n  o f  t h e  R I D ' S  
g e n e r a t e d  by t h e  I / C  working group ( S e c t i o n  2 . 0 )  and i d e n t i f i c a -  
t i o n  o f  and a b r i e f  d i s c u s s i o n  on v a r i o u s  items n o t  i n c l u d e d  i n  
t h e  R I D ' s ,  b u t  which w i l l  x e r i t  c l o s e  a t t e n t i e r ,  as t h e  r e q u i r e -  
ments  f o r  and t h e  d e s i g n  of  t h e  ATM I / C  s y s t e m  and i t s  i n t e r f a c e s  
w i t h  t h e  LM-A and t h e  AAP c l u s t e r  evo lve  ( S e c t i o n  3 . 0 ) .  Copies  
o f  t h e  v i s u a l  a i d s  used  by MSFC f o r  p r e s e n t a t i o n s  i n  t h e  I / C  
working group mee t ing  are  a v a i l a b l e  from t h e  w r i t e r .  
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2 . 0  R I D ' S  Genera ted  b y  t h e  I / C  Working Group 

The R I D ' S  g e n e r a t e d  b y  t h e  I / C  working group are 
l i s t e d  below and are d i s c u s s e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

S u b s t i t u t e  a d i g i t a l  tape r e c o r d e r  o f  t h e  t y p e  
used  i n  t h e  Gemini s p a c e c r a f t  and t o  be used  
i n  t h e  A i r l o c k  Module f o r  t h e  d i g i t a l  t a p e  
r e c o r d e r s  c u r r e n t l y  p l anned  f o r  u s e  i n  the  
A u x i l i a r y  S to rage  and Playback (ASAP) a s sembly  
o f  t h e  ATM. 

I n c r e a s e  t h e  r e c o r d i n g  t i m e  o f  t h e  tape r e c o r d e r s  
c u r r e n t l y  planned f o r  u se  i n  t h e  ASAP as sembly .  

Program t h e  PCM t e l e m e t r y  s y s t e m  o f  t h e  ATM t o  
i n c l u d e  a l l  d i s c r e t e s  (e .g .  e v e n t  i n d i c a t i o n s )  
r e q u i r e d  b y  t h e  Miss ion  C o n t r o l  C e n t e r  a t  Houston 
(MCC-H) f o r  mi s s ion  c o n t r o l  i n  t h e  t i m e  s l o t s  
co r re spond ing  t o  t h e  most s i g n i f i c a n t  8 b i t s  o f  
t h e  nominal  1 0  b i t  d i g i t a l  word and r e s t r i c t  t o  
8 b i t s  t h e  accuracy  r equ i r emen t  a t  MCC-H f o r  any 
a n a l o g  data  o r i g i n a t i n g  i n  t h e  ATM which must be  
t r a n s f e r r e d  t o  MCC-H f o r  m i s s i o n  c o n t r o l .  

I n v e s t i g a t e  a l l  ATM s y s t e m s  t o  de t e rmine  i f  a 
r equ i r emen t  e x i s t s  f o r  ATM t e l eme t ry  t r a n s m i s s i o n  
and/or  ATM up-data r e c e p t i o n  a t  any t i m e  d u r i n g  
t h e  p e r i o d  ex tend ing  from t h e  t i m e  o f  nominal  
ATM I / C  s y s t e m  power down d u r i n g  t h e  p r e l a u n c h  
m i s s i o n  phase  through t h e  t i m e  o f  deployment o f  
t h e  ATM s o l a r  p a n e l s  and nominal  ATM I / C  sys tem 
r e a c t i v a t i o n  by t h e  crew i n  Ear th  o r b i t .  

P r o v i d e  t h e  c a p a b i l i t y  f o r  s imul t aneous  real-time 
PCM and tape  r e c o r d e r  dump PCM t e l e m e t r y  t r a n s -  
m i s s i o n  from t h e  ATM u s i n g  t h e  same a n t e n n a  e l emen t .  

A c t i v a t e  t h e  VHF t e l e m e t r y  t r a n s m i t t e r s  o f  t h e  ATM 
o n l y  d u r i n g  t h o s e  t i m e  p e r i o d s  when the  c l u s t e r  i s  
w i t h i n  t h e  l i n e - o f - s i g h t  of a s t a t i o n  (ground- 
based, s h i p ,  o r  a i r c r a f t )  o f  t h e  Manned Space 
F l i g h t  Network (MSFN). 

A t  t h e  complet ion o f  l aunch  powered f l i g h t ,  
d e a c t i v a t e  t h e  two VHF telemetry t r a n s m i t t e r s  
l o c a t e d  i n  the  Ins t rumen t  U n i t  ( I U )  o f  t h e  S a t u r n  I B  
l a u n c h  v e h i c l e ,  b u t  a s s o c i a t e d  w i t h  t h e  t r a n s m i s s i o n  
o f  a c o u s t i c  and v i b r a t i o n  data from t h e  ATM. 



BELLCOMM. INC. -3- 

( h )  Def ine  t h e  ground s u p p o r t  equipment  r e q u i r e d  a t  
t h e  Kennedy Space Cen te r  ( K S C )  t o  conduct  t h e  
checkout  o f  t h e  ATM. 

(i) Prov ide  redundancy i n  t h e  r a d i o  f r e q u e n c y  command 
S y s t e m  of  t h e  ATM. 

2 . 1  Use t h e  Gemini D ig i t a l  Tape Recorder  i n  t h e  ASAP Assembly 

I n  t h e  c u r r e n t  MSFC d e s i g n ,  t h e  ASAP assembly w i l l  
accept data from t h e  PCM te lemet ry  s y s t e m  o f  the  ATM a t  a r a t e  
o f  72 k i l o b i t s  p e r  second ( k b p s )  i n  t he  form o f  s u c c e s s i v e  1 0  
b i t  p a r a l l e l  words,  e x t r a c t  p r e s e l e c t e d  words a t  a r a t e  o f  
4 kbps ( 4 0 0  words p e r  second)  from t h e  i n p u t  da ta ,  r e c o r d  t h e  
p r e s e l e c t e d  data a f t e r  s e r i a l i z a t i o n  and p l a y  back t h e  s t o r e d  
da ta  upon command. I n  a d d i t i o n  t o  o t h e r  equ ipmen t s ,  t h e  ASAP 
as sembly  w i l l  i n c l u d e  two t a p e  r e c o r d e r s ,  one o f  which w i l l  
s e r v e  as a backup. 

The tape r e c o r d e r  chosen b y  MSFC f o r  t h i s  a p p l i c a t i o n  
i s  a two t r a c k  d i g i t a l  tape r e c o r d e r ,  c u r r e n t l y  b e i n g  developed  
b y  Borg-Warner. T h i s  r e c o r d e r  w i l l  have t h e  c a p a b i l i t y  t o  
r e c o r d  s e r i a l  d i g i t a l  d a t a  a t  a r a t e  of  4 kbps f o r  90 minu tes  
and dump t h e  s t o r e d  d i g i t a l  data 18  times f a s t e r  t h a n  i t  was 
r e c o r d e d .  Development of a r e c o r d e r  w i t h  these c h a r a c t e r i s t i c s  
was unde r t aken  t o  s u p p o r t  expe r imen t  SO27, G a l a c t i c  X-Ray Map- 
p i n g ,  which was t o  be c a r r i e d  i n  t h e  I U  d u r i n g  Miss ion  AAP-3. 
E a r l y  fund ing  was provided  b y  t h e  O f f i c e  o f  Space S c i e n c e  and 
A p p l i c a t i o n s  (OSSA) u n t i l  t h e  expe r imen t  was c a n c e l l e d .  The 
i n i t i a l  c o n t r a c t  was awarded t o  Raymond; however,  when Raymond 
e x p e r i e n c e d  d i f f i c u l t i e s ,  a second c o n t r a c t  was awarded t o  
Borg-Warner f o r  pa ra l l e l  development of a similar r e c o r d e r  t o  
p r o v i d e  a backup e f f o r t .  Approximately $180,000 has been 
s p e n t  on the  Raymond c o n t r a c t  and approx ima te ly  $300 ,000  has 
been  s p e n t  on t h e  Borg-Warner c o n t r a c t .  Although-MSFC has 
more conf idence  i n  t h e  des ign  and c a p a b i l i t i e s  of  t h e  Borg- 
Warner t a p e  r e c o r d e r ,  n e i t h e r  c o n t r a c t o r  has produced a r e c o r d e r ,  
t o  date,  which has passed the  a c c e p t a n c e  t e s t s .  Consequent ly ,  
no  r e c o r d e r  o f  t h i s  t y p e  h a s  been f l i g h t  q u a l i f i e d .  

The Gemini d i g i t a l  t a p e  r e c o r d e r  has t h e  c a p a b i l i t y  
t o  r e c o r d  s e r i a l  d i g i t a l  data  a t  a r a t e  o f  5.12 kbps f o r  
f o u r  h o u r s  and t o  dump t h e  s t o r e d  d i g i t a l  data twenty-two t i m e s  
f a s t e r  t h a n  i t  was r e c o r d e r .  I n  a d d i t i o n  t o  t h e  i n c r e a s e d  
r e c o r d i n g  t i m e  c a p a b i l i t y ,  t h e  Gemini t ape  r e c o r d e r  h a s  t h e  
obvious  advantage  o f  b e i n g  f l i g h t  q u a l i f i e d  and man-rated and 
o f  hav ing  f lown s u c c e s s f u l l y  i n  m i s s i o n s  o f  t h e  Gemini ,Program. 
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2 . 2  I n c r e a s e  Record Time o f  t h e  Tape Recorde r s  o f  t h e  
ASAP Assemblv  

A s  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  c u r r e n t  
ASAP assembly t a p e  r e c o r d e r  d e s i g n  p r o v i d e s  a r e c o r d i n g  t i m e  
c a p a b i l i t y  of  90  minu tes .  If t h e  r e c o r d e r  remains  i n  t h e  
r e c o r d  mode l o n g e r  t h a n  90 m i n u t e s ,  t h e  data r e c o r d e d  a t  t h e  
b e g i n n i n g  o f  t h e  90  minute  p e r i o d  w i l l  b e  e r a s e d  from t h e  
t a p e  and new data  w i l l  be r e c o r d e d .  Conseauent ly ,  i f  
p e r i o d s  between s t o r e d  d a t a  dumps exceed  90 m i n u t e s ,  some 
o f  t h e  r e c o r d e d  exper iment  data  and s y s t e m s  per formance  d a t a  
w i l l  be l o s t .  

Assuming a c i r c u l a r  o r b i t  w i t h  an  a l t i t u d e  o f  230 
n a u t i c a l  miles  and an i n c l i n a t i o n  o f  approx ima te ly  28 .3  d e g r e e s ,  
t h e  l a r g e s t  gaps  between s u c c e s s i v e  l i n e - o f - s i g h t  c o n t a c t s  
between t h e  AAP c l u s t e r  and any ground-based s t a t i o n s  ( exc lud -  
i n g  s h i p s  and a i r c r a f t )  of t h e  MSFN d u r i n g  a 56 day m i s s i o n  
w i l l  p robab ly  n e v e r  exceed 90  m i n u t e s ,  b u t  w i l l  be  o f  t h e  
o r d e r  of  90 minu tes  du r ing  a few o r b i t s  each  day.  Consequent ly ,  
i f  for some r e a s o n  ( s t a t i o n  equipment f a i l u r e ,  u n s u i t a b l e  com- 
m u n i c a t i o n  l i n k  performance margin  due t o  poor  ATM a t t i t u d e  
w i t h  r e s p e c t  t o  ATIV! an tenna  r a d i a t i o n  p a t t e r n  and c o r r e s p o n d i n g  
MSFN s t a t i o n  l o c a t i o n ,  e t c . )  d u r i n g  one of  these  c r i t i c a l  or- 
b i t s , s u c c e s s f u l  data dump t o  t h e  MSFN cou ld  n o t  be  accompl ished ,  
up t o  90  minu tes  of  r eco rded  d a t a  cou ld  be l o s t  b e f o r e  a n o t h e r  
c o n t a c t  w i t h  a s t a t i o n  o f  t h e  MSFN would be  a v a i l a b l e .  Avai l -  
a b i l i t y  o f  s h i p s  and a i r c r a f t  s h o u l d  n o t  be  depended upon f o r  
m i s s i o n  o p e r a t i o n s  p l ann ing  t o  r e d u c e  these  gaps  f o r  t h e  f u l l  
f i f t y - s i x  day d u r a t i o n  of  t h e  ATM m i s s i o n  because  o f  i n h e r e n t  
d i f f i c u l t i e s  i n  s t a t i o n  keeping f o r  a p p r o p r i a t e  p e r i o d s  of  
t ime.  

2 . 3  Change Word Length From 10 B i t s  t o  8 B i t s  i n  t h e  ATM 
PCM Telemet ry  System 

I n  t h e  c u r r e n t  MSFC ATM I / C  sys tem d e s i g n ,  t h e  PCM 
t e l e m e t r y  sys tem of  t h e  ATM w i l l  be e s s e n t i a l l y  t h e  same as 
t h e  PCM t e l e m e t r y  systems used i n  t h e  S a t u r n  l aunch  v e h i c l e s  
o f  t h e  Apollo Program. I n  these  s y s t e m s ,  a n a l o g  d a t a  samples  
w i i i  be  c o n v e r t e d  i n t o  10 “vt d i g i t a l  words and d i g i t a l  d a t a  
( d i s c r e t e s  or d i g i t a l  words) w i l l  b e  combined o r  d i v i d e d  t o  
form 1 0  b i t  d i g i t a l  words. These 1 0  b i t  d i g i t a l  words w i l l  be 
combined i n  t h e  PCM t e l e m e t r y  s y s t e m  and s y n c h r o n i z a t i o n  words 
w i l l  be added a c c o r d i n g  t o  a f i x e d  fo rma t  t o  form t h e  72  kbps 
PCM d a t a  stream which w i l l  be  t r a n s m i t t e d  i n  real-time t o  t h e  
MSFN. 
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I n  a d d i t i o n  t o  be ing  r e c o r d e d  a t  e a c h  s t a t i o n  of  
t h e  MSFN, t he  real- t ime PCM da ta  stream from t h e  ATM w i l l  be  
r o u t e d  t o  a PCM decommutator which i n  t u r n  w i l l  r o u t e  a regen-  
e r a t e d  PCM data  stream i n t o  t h e  Remote S i t e  Data P r o c e s s o r  (RSDP)  
l o c a t e d  a t  t h e  MSFN s t a t i o n  f o r  p r o c e s s i n g .  T h i s  computer 
p r o c e s s i n g  i n c l u d e s  s e l e c t i o n  of  data  r e q u i r e d  by MCC-H f o r  
m i s s i o n  c o n t r o l  from as many as 4 P C M d a t a  streams a c c o r d i n g  
t o  a s t o r e d  computer program and f o r m a t t i n g  these s e l e c t e d  
data i n t o  two d i f f e r e n t  o u t p u t s  t o  be t r a n s f e r r e d  from t h e  
remote s i t e s  t o  computers a t  MCC-H v i a  h igh  speed data  l i n e s .  
The programs used  i n  t h e  computers a t  MCC-H and t h e  R S D P ' s  l o c a t e d  
a t  t h e  remote s i t e s  of t h e  MSFN are  compa t ib l e  wi th  8 b i t  
d i g i t a l  words.  The 1 0  b i t  words could  a l s o  be  h a n d l e d ,  b u t  
t h e  programming o f  t h e s e  computers would b e  much more complex. 
For t h e  S a t u r n  l aunch  v e h i c l e  i n  t h e  Apol lo  Program, t h e  two 
l ea s t  s i g n i f i c a n t  b i t s  o f  t h e  1 0  b i t  d i g i t a l  word co r re spond-  
i n g  t o  an  ana log  d a t a  s a m p l e  w i l l  b e  dropped from t h e  d a t a t h a t  i s  
s e n t  t o  MCC-H f o r  f l i g h t  c o n t r o l .  A s p e c i a l i z e d  program w i l l  
be  p r o v i d e d  t o  p r o c e s s  t h e  1 0  b i t  d i g i t a l  words co r re spond ing  
t o  d i g i t a l  data  ( d i s c r e t e s  or d i g i t a l  words such  as t h e  o u t p u t  
of  an  on-board compute r ) .  

It i s  a p p a r e n t  t h a t  t h e  complex i ty  o f  t h e  computer 
programs which must be  deve loped  f o r  AAP w i l l  be  s i g n i f i c a n t l y  
r educed  i f  a l l  PCM t e l e m e t r y  s y s t e m s  of  t h e  modules o f  t h e  
c l u s t e r  u se  8 b i t  words.  The t i m e  and e f f o r t  r e q u i r e d  t o  
deve lop  and debug a computer program i n c r e a s e s  i n  some expon- 
e n t i a l  manner as t h e  complexi ty  o f  t h e  program i n c r e a s e s .  

S i n c e  m o d i f i c a t i o n  of t h e  p l anned  PCM t e l e m e t r y  
s y s t e m  of t h e  ATM from a 1 0  b i t  t o  an  
would g r e a t l y  impact  t h e  c u r r e n t  ATM I/C s y s t e m  d-esign,  
a n  a l t e r n a t i v e  s o l u t i o n  to minimize t h e  complexi ty  o f  t h e  
computer program necessa ry  t o  accommodate t h e  ATM 10  b i t  word 
PCM t e l e m e t r y  s y s t e m  was s u g g e s t e d ;  namely: 

8 b i t  word s y s t e m  

( a )  I n c l u d e  all d i s c r e t e s  r e q u i r e d  b y  MCC-H f o r  
m i s s i o n  c o n t r o l  i n  t h e  t i m e  l o c a t i o n s  c o r r e s p o n d i n g  
t o  t h e  8 most s i g n i f i c a n t  b i t s  o f  t h e  1 0  b i t  word, 
and 

( b )  R e s t r i c t  t o  8 b i t s  t h e  accu racy  r e q u i r e d  a t  
MCC-H for any ana log  data o r i g i n a t i n g  i n  the ATM 
needed f o r  mis s ion  c o n t r o l .  

I n  t h i s  manner, each  of t h e  1 0  b i t  words i n  t h e  PCM data streams 
from t h e  ATM ( e x c e p t  f o r  d i g i t a l  da t a  o u t p u t s  from some on- 
b o a r d  equipments  such  as t h e  d i g i t a l  computer)  may be  p r o c e s s e d  
as 8 b i t  words i n  t h e  RSDP by d i s r e g a r d i n g  t h e  2 l ea s t  s i g n i f i -  
c a n t  b i t s  i n  each  1 0  b i t  word. S p e c i a l  programming i n  t h e  RSDP 
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w i l l  be  r e q u i r e d  t o  hand le  some s p e c i a l  data i n  t h e  PCM data 
stream such  as t h e  on-board d i g i t a l  computer o u t p u t .  It 
s h o u l d  be  n o t e d  t h a t  no accu racy  i s  s a c r i f i c e d  i n  p o s t  m i s s i o n  
a n a l y s i s  of  t h e  data  by  a d o p t i n g  t h i s  p r o p o s a l  because  t h e  
t o t a l  PCM data stream on each t e l e m - t r y  l i n k  r e c e i v e d  by a 
s t a t i o n  o f  t h e  MSFN w i l l  always be r e c o r d e d .  

2 . 4  Study t o  Determine T e l e m e t r y  and Up-Data Requirements  
P r i o r  t o  S o l a r  Panel  Deployment 

I n  t h e  c u r r e n t  MSFC p l a n n i n g ,  a t  some t i m e  d u r i n g  
t h e  p r e l a u n c h  a c t i v i t i e s  as y e t  u n d e f i n e d ,  t h e  ATM I / C  sys t em 
w i l l  be powered down and w i l l  remain dormant u n t i l  t h e  LM-A/ATM 
i s  docked t o  t h e  c l u s t e r ,  ( w i t h  t h e  e x c e p t i o n  o f  b o t h  t a p e  r e c o r -  
d e r s  d u r i n g  t h e  l aunch  p h a s e ) ,  t h e  ATM s o l a r  p a n e l s  are deployed ,  
and t h e  crew r e a c t i v a t e s  t h e  I / C  sys tem.  A l l  r a d i o  f r equency  
communications,  b o t h  t e l e m e t r y  and up-da ta ,  w i t h  t h e  ATM which 
i s  su r rounded  by t h e  Spacecraft-LM Adapter  (SLA) d u r i n g  p r e l a u n c h  
a c t i v i t i e s  w i l l  be accomplished v i a  c o a x i a l  h a r d l i n e  s i n c e  t h e r e  
w i l l  be  no a n t e n n a s  provided  on t h e  SLA. Consequent ly ,  no communi- 
c a t i o n s  between t h e  Earth and t h e  ATM w i l l  be  p o s s i b l e  d u r i n g  t h e  
l a u n c h  phase  or u n t i l  t h e  SLA p a n e l s  are j e t t i s o n e d .  Fu r the rmore ,  
s i n c e  t h e  ATM t e l e m e t r y  and command a n t e n n a s  w i l l  be l o c a t e d  on 
t h e  e x t r e m i t i e s  of  t h e  ATM s o l a r  p a n e l s ,  no r a d i o  f r equency  
communications between t h e  Ea r th  and t h e  ATM w i l l  be p o s s i b l e  
u n t i l  t h e  s o l a r  p a n e l s  a r e  dep loyed .  

It i s  a p p a r e n t  t ha t  any r equ i r emen t  f o r  t e l e m e t r y  
and /o r  up-data  r a d i o  frequency communications between the  Ea r th  
and t h e  ATM p r i o r  t o  ATM solar  p a n e l  deployment w i l l  have  a ve ry  
l a r g e  impact  on t h e  I / C  system d e s i g n  and any such  r e q u i r e m e n t  
s h o u l d  be i d e n t i f i e d  as ear ly  as p o s s i b l e  t o  p r o v i d e  a d e q u a t e  
t i m e  f o r  t h e  n e c e s s a r y  s y s t e m  d e s i g n .  

2 .5  S imul taneous  Real-Time PCM and Recorder  P layback  PCM. 
Data Transmiss ion  

I n  t h e  c u r r e n t  MSFC ATM I / C  sys tem d e s i g n ,  two VHF 
FM t e l e m e t r y  t r a n s m i t t e r s  and two VHF an tenna  e l emen t s  w i l l  be  
p r o v i d e d  on t h e  ATM and c o n f i g u r e d  s o  t h a t  one t r a n s m i t t e r  w i l l  
be  hardwired t o  one o f  t h e  a n t e n n a  e l emen t s  and t h e  second 
t r a n s m i t t e r  w i l l  be hardwired t o  t h e  o t h e r .  The s w i t c h i n g  
c a p a b i l i t y  e x i s t s  t o  r o u t e  t h e  real-time PCM data stream t o  ( a )  
none of t h e  t r a n s m i t t e r s ,  ( b )  t o  e i t h e r  one of t h e  t r a n s m i t t e r s ,  
or ( c )  t o  b o t h  of t h e  t r a n s m i t t e r s .  The same s w i t c h i n g  c a p a b i l -  
i t y  e x i s t s  f o r  t h e  r o u t i n g  o f  t h e  r e c o r d e r  p layback  o u t p u t  PCM 
data stream. An i n t e r l o c k  e x i s t s  s o  t h a t  b o t h  data streams w i l l  
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n o t  be r o u t e d  s i m u l t a n e o u s l y  t o  t h e  same t r a n s m i t t e r .  The 
r a d i a t i o n  p a t t e r n s  o f  t h e  two VHF a n t e n n a  e l e m e n t s  w i l l  n o t  
b e  t h e  same, each  e lement  w i l l  p r o v i d e  b e t t e r  coveraf fe  
of  c e r t a i n  p o r t i o n s  o f  t h e  sphere e n c l o s i n g  t h e  c l u s t e r  t h a n  
w i l l  t h e  o t h e r  a n t e n n a  e lement .  MSFC recommends t h e  f o l l o w i n g  
modes of 

( a >  

p layback  
p l asb  ack 

o p e r a t i o n .  

During p e r i o d s  of communication c o n t a c t  when 
r e c o r d e r  p layback  i s  n o t  r e q u i r e d ,  t h e  rea l -  
t i m e  PCM d a t a  streams w i l l  b e  r o u t e d  t o  b o t h  
t r a n s m i t t e r s  and t h e  MSFN s t a t i o n  w i l l  be  
r e q u i r e d  t o  s e l e c t  t h e  l i n k  r e c e i v i n g  t h e  
s t r o n g e s t  s i g n a l  f o r  r o u t i n g  t o  a PCM 
de c ommu t a t  o r  . 
During p e r i o d s  o f  communication c o n t a c t  when 
r e c o r d e r  p layback  i s  r e q u i r e d ,  t h e  r e c o r d e r  p l a y -  
back PCM d a t a  stream e i t h e r  w i l l  be  r o u t e d  t o  
b o t h  t r a n s m i t t e r s  i n  p l a c e  o f  t h e  real-t ime PCM 
data stream o r  w i l l  be  r o u t e d  t o  t h a t  t r a n s m i t t e r  
whose a n t e n n a  has t h e  b e t t e r  cove rage  w i t h  r e s p e c t  
t o  t h e  MSFN s t a t i o n  l o c a t i o n .  

During p e r i o d s  o f  communication c o n t a c t  when r e c o r d e r  
i s  r e q u i r e d ,  5 minutes  ( c o r r e s p o n d i n g  t o  r e c o r d e r  
t i m e )  o f  real-t ime PCM da ta  w i l l  be s a c r i f i c e d  i n  t h e  

first c a s e  s i n c e  t h e  r e a l - t i m e  data  w i l l  n o t  be  t r a n s m i t t e d  
and  i t  i s  l i k e l y  t h a t  some real-t ime data  w i l l  b e  l o s t  i n  t h e  
second c a s e  because  t h e  r e a l - t i m e  PCM data stream w i l l  be  
r o u t e d  t o  t h a t  t r a n s m i t t e r  whose a n t e n n a  has t h e  p o o r e r  cove rage  
w i t h  r e s p e c t  t o  t h e  MSFN s t a t i o n  l o c a t i o n .  It shou ld  be n o t e d  
t h a t  data  on LM-A s y s t e m s  per formance  w i l l  on ly  be  i n c l u d e d  i n  
t h e  real- t ime PCM data  s t r eam from t h e  ATM a f t e r  t h e  LM I / C  
system has been powered down. 

The h i g h e s t  p r o b a b i l i t y  o f  s u c c e s s f u l  t r a n s m i s s i o n  
o f  b o t h  real-t ime and r e c o r d e r  p layback  PCM data  streams would 
b e  o b t a i n e d  if b o t h  t r a n s m i t t e r s ,  each  modulated by a d i f f e r e n t  
PCM data stream, are  connec ted  t o  t h e  a n t e n n a  e lement  p r o v i d i n g  
the  b e t t e r  coverage  w i t h  r e s p e c t  t o  t h e  MSFN s t a t i o n  l o c a t i o n .  
T h i s  could  be accomplished by combining t h e  o u t p u t s  of  t h e  two 
t r a n s m i t t e r s  i n  a m u l t i p l e x e r  and by command from t h e  crew o r  
t h e  MSFN s w i t c h i n g  t h e  o u t p u t  o f  t h e  m u l t i p l e x e r  t o  t h a t  a n t e n n a  
e lement  p r o v i d i n g  t h e  b e t t e r  coverage .  It s h o u l d  b e  n o t e d  t h a t  
t h i s  mode of o p e r a t i o n  i s  p lanned  f o r  u se  i n  t h e  A i r l o c k  Module. 
Feeding  b o t h  a n t e n n a  e lements  s i m u l t a n e o u s l y  w i t h  t h e  o u t p u t  o f  
t h e  m u l t i p l e x e r  does  n o t  seem a t t r a c t i v e  because  t h e  r e s u l t a n t  
o v e r a l l  a n t e n n a  cove rage  would most l i k e l y  be  degraded  from t h a t  
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a v a i l a b l e  i n  t h e  c u r r e n t  d e s i g n  due t o  s c a l l o p i n g  o f  t h e  r a d i a t i o n  
p a t t e r n  t ha t  r e s u l t s  from c o n s t r u c t i v e  and d e s t r u c t i v e  i n t e r f e r -  
e n c e s  between t h e  r a d i a t i o n  p a t t e r n s  o f  t h e  i n d i v i d u a l  a n t e n n a  
e l e m e n t s .  

2 . 6  C o n t r o l  o f  VHF Transmiss ion  From t h e  ATM 

I n  o r d e r  t o  minimize t h e r m a l  c o n t r o l  problems,  MSFC 
i s  c u r r e n t l y  p l a n n i n g  t o  o p e r a t e  a l l  ATM s y s t e m s c o n t i n u o u s l y  
from t h e  t i m e  t h a t  t h e  systems have been a c t i v a t e d  i n  Ear th  
o r b i t  u n t i l  t h e  system f a i l s ,  i n c l u d i n g  d u r i n g  t h e  o r b i t a l  
s t o r a g e  phase  f o l l o w i n g  comple t ion  o f  t h e  f i r s t  56-day ATM 
m i s s i o n .  The VHF t r a n s m i t t e r s  w i l l  be i n c l u d e d  among t h o s e  
equipments  o f  t h e  I / C  s y s t e m  which w i l l  b e  o p e r a t e d  c o n t i n u o u s l y .  
The c a p a b i l i t y  t o  t u r n  t h e s e  t r a n s m i t t e r s  on and o f f  v i a  b o t h  
ground and crew command w i l l  be p r o v i d e d ,  however. 

A t  t h i s  t i m e ,  N A S A  and t h e  Department of  Defense ( D O D )  
are i n  t h e  p r o c e s s  of n e g o t i a t i n g  a n  agreement f o r  N A S A  u s e  o f  
t h e  VHF t e l eme t ry  f requency  band (225 t o  260 MHz) f o r  s p a c e  
te lemetry a p p l i c a t i o n s  i n  t h e  p o s t  1970 t i m e  p e r i o d .  DOD had 
r e q u e s t e d  a l l  government a g e n c i e s  t o  v a c a t e  t h i s  f r equency  band 
f o r  t e l e m e t r y  a p p l i c a t i o n s  by J a n u a r y  1, 1970. S i n c e  c u r r e n t  
s c h e d u l i n g  of t h e  ATM miss ion  i s  t h e  p o s t  1970 t i m e  p e r i o d ,  t h e  
u t i l i z a t i o n  of  VHF te lemetry f r e q u e n c i e s  by t h e  ATM f o r  t e l eme t ry  
t r a n s m i s s i o n s  w i l l  depend upon t h e  r e s u l t s  o f  these c u r r e n t  n e g o t i -  
a t i o n s .  The l a t e s t  N A S A  p o s i t i o n  on t h e  use  o f  225 t o  260 MHz 
f requency  band f o r  E a r t h  o r b i t  a p p l i c a t i o n s  i n  t h e  p o s t  1970 t i m e  
p e r i o d  r e q u e s t s  t h e  u s e  of 1 0  t e l eme t ry  channe l s  i n  t h i s  f r equency  
band as r e q u i r e d  through January  1, 1975. It i s  a l s o  N A S A ' s  p o s i -  
t i o n  t h a t  these 1 0  channels  s h o u l d  be c l e a r  channe l s  f o r  t h e  
e n t i r e  Ea r th  o r b i t .  Depending on t h e  outcome o f  t h e  n e g o t i a t i o n s ,  
i t  i s  p o s s i b l e  t h a t  these  channe l s  may be  c l e a r  on ly  i n  t h o s e  areas  
where l i n e - o f - s i g h t  c o n t a c t  w i l l  e x i s t  between t n e  s p a c e c r a f t  
and s t a t i o n s  of t h e  MSFN, i n c l u d i n g  sh ips  and a i r c r a f t ,  and may 
r e q u i r e  c l e a r a n c e  th rough  the  r e s p e c t i v e  area f r equency  coord in -  
a t o r s  co r re spond ing  t o  l o c a t i o n s  of  t h e  s t a t i o n s  o f  t h e  MSFN on 
a n  as r e q u i r e d  use  bas i s .  Consequent ly ,  t o  a v o i d  i n t e r f e r e n c e  
w i t h  o t h e r  u s e r s  of t h i s  f requency  band such  as DOD, i t  may be 
n e c e s s a r y  t o  s i l e n c e  a l l  VHF t r a n s m i s s i o n s  from the  ATM d u r i n g  
t h o s e  p o r t i o n s  of t h e  mis s ion  when l i n e - o f - s i g h t  between t h e  
ATM and s t a t i o n s  of t h e  MSFN does  n o t  e x i s t .  

Fur thermore ,  i t  s h o u l d  be n o t e d  that  each  o f  t h e  two 
VHF t r a n s m i t t e r s  l o c a t e d  on t he  ATM r e q u i r e s  approx ima te ly  60 
watts of  pr ime power f o r  o p e r a t i o n .  T h e r e f o r e ,  a s i g n i f i c a n t  
s a v i n g  i n  t h e  power budget  may be p o s s i b l e  th rough  t h e  r e d u c t i o n  
o f  t h e  duty  c y c l e  of t h e  o p e r a t i o n  o f  t h e  ATM VHF t e l eme t ry  
t r a n s m i t t e r s  below 100 per  c e n t .  However, t h e  e f f e c t  on t h e  ATM 
t h e r m a l  c o n t r o l  s y s t e m  d e s i g n  must be e v a l u a t e d .  
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2 . 7  D e a c t i v a t e  Re la t ed  I U  VHF T e l e m e t r y  T r a n s m i t t e r s  
Af t e r  ComDletion o f  Launch Phase 

MSFC has i d e n t i f i e d  a r equ i r emen t  t o  o b t a i n  a c o u s t i c  
and v i b r a t i o n  data from t h e  ATM d u r i n g  t h e  l aunch  phase of 
m i s s i o n  AAP-4 for pos t -miss ion  a n a l y s i s .  The 
a p p r o p r i a t e  s e n s o r s  w i l l  be l o c a t e d  on o r  n e a r  t h e  ATM w h i l e  
t h e  s i g n a l  c o n d i t i o n i n g  equipment ,  an  SS/FM te lemeter  u n i t ,  
an  FM/FM telemeter  u n i t ,  two VHF t e l e m e t r y  t r a n s m i t t e r s  and 
a n  a n t e n n a  s y s t e m  w i l l  be  l o c a t e d  i n  t h e  I U .  The equipments  
t o  be l o c a t e d  w i t h i n  t h e  I U , e x c l u s i v e  o f  t h e  a n t e n n a  sys t em,  
w i l l  be  p rov ided  i n  k i t  fo rm f o r  i n s t a l l a t i o n  i n  t h e  I U  o f  
t h e  a p p r o p r i a t e  S a t u r n  I B  l aunch  v e h i c l e  a t  K S C .  The VHF 
a n t e n n a  s y s t e m  and VHF m u l t i p l e x e r  p r o v i d e d  on each  I U  t o  
accommodate t e l e m e t r y  t r a n s m i s s i o n  o f  I U  sys t ems  s t a t u s  and 
performance w i l l  be  s h a r e d  by t h e  two added VHF t e l e m e t r y  
t r a n s m i t t e r s .  The I U  m o d i f i c a t i o n  k i t , a s  c u r r e n t l y  e n v i s i o n e d  
by MSFC does n o t  i n c l u d e  t h e  c a p a b i l i t y  f o r  d e a c t i v a t i n g  t h e  
added VHF t e l eme t ry  t r a n s m i t t e r s .  Consequent ly ,  t h e  t r a n s -  
m i t t e r s  would o p e r a t e  c o n t i n u o u s l y  from l i f t - o f f  u n t i l  t h e  
b a t t e r y  power supply  of  t h e  I U  has been deple ted ,  o c c u r i n g  
approx ima te ly  7 .5  hour s  a f t e r  l i f t - o f f .  

For  t h e  r e a s o n s  s ta ted i n  t h e  p r e v i o u s  s e c t i o n ,  i t  
may b e  n e c e s s a r y  t o  d e a c t i v a t e  t hese  t r a n s m i t t e r s  d u r i n g  t h o s e  
t i m e  p e r i o d s  when t h e  space  v e h i c l e  i s  n o t  w i t h i n  l i n e - o f - s i g h t  
o f  a s t a t i o n  o f  t h e  MSFN. I n  a d d i t i o n ,  no a c o u s t i c  or v i b r a -  
t i o n  data of  any consequence would be gathered a f t e r  t h e  
powered f l i g h t  phase of  t h e  m i s s i o n  had been comple ted ,  e x c e p t  
p e r h a p s  d u r i n g  docking o f  t h e  Command and S e r v i c e  Module ( C S M )  
w i t h  t h e  LM-A/ATM. It should  b e  n o t e d  t h a t  t h e  v i b r a t i o n  data  
d u r i n g  docking  of t h e  C S M  and LM-A/ATM cou ld  be r e t r i e v e d  on ly  
i f  t h e  docking maneuver o c c u r r e d  w i t h i n  l i n e - o f - s i g h t  o f  a 
s t a t i o n  o f  t h e  MSFN s i n c e  t h e r e  w i l l  be no on-board r e c o r d e r  
a v a i l a b l e  t o  r e c o r d  t h e  d a t a .  T h i s  o p e r a t i o n a l  c o n s t r a i n t  may 
b e  u n a c c e p t a b l e .  I n  a d d i t i o n ,  no r equ i r emen t  f o r  t h i s  data  
has y e t  been i d e n t i f i e d .  T h e r e f o r e ,  i t  appears a t t r a c t i v e  t o  
t u r n  o f f  t hese  VHF t ransmi t te rs  a t  t h e  comple t ion  o f  t h e  l aunch  
phase .  T h i s  o b j e c t i v e  could be accompl ished  by i n c l u d i n g  i n  
the I U  m o d i f i c a t i o n  k i t  switches for t u r n i n g  o f f  these  VHF 
t r a n s m i t t e r s  which cou ld  b e  o p e r a t e d  e i t h e r  by t h e  I U  d i g i t a l  
computer ,  by an  independent  t imer ,  or by ground command th rough  
t h e  up-data  communications l i n k  o f  t h e  I U .  

It i s  p lanned  t h a t  one o f  these  two VHF t e l e m e t r y  
t r a n s m i t t e r s  w i l l  have an  o p e r a t i n g  f requency  o f  259 .7  M H z .  
T h i s  t r a n s m i t t e r  m u s t  b e  made i n a c t i v e  p r i o r  t o  CSM rendezvous 
w i t h  t h e  LM-A/ATM (or have i t s  o p e r a t i n g  f requency  changed)  
t o  a v o i d  i n t e r f e r e n c e  w i t h  t h e  VHF r a n g i n g  s y s t e m  o f  t h e  CSM. 
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2 . 8  D e f i n i t i o n  o f  Ground Suppor t  Equipment Requi red  f o r  
t h e  ATM Checkout a t  K S C  

A t  t h i s  t i m e ,  t h e r e  e x i s t  two s c h o o l s  o f  t hough t  
as t o  t h e  ground s u p p o r t  equipment (GSE) r e q u i r e d  t o  per form 
checkout  o f  t h e  ATM sys tems.  YSFC has proposed  a d e s i g n  o f  
a new and independen t ,  b u t  s i m p l i f i e d  checkout  s y s t e m  f o r  t h e  
ATM u s i n g  l a r g e l y  manual t e c h n i q u e s .  K S C  b e l i e v e s  t h a t  t h e  
s p a c e c r a f t  Acceptance Checkout Equipment ( A C E )  c a n  be mod i f i ed  
w i t h o u t  much d i f f i c u l t y  t o  per form checkout  o f  t h e  ATM e s s e n t i -  
a l l y  a u t o m a t i c a l l y .  It appea r s  t h a t  a t  l ea s t  a s t u d y  t o  
de t e rmine  t h e  e x t e n t  o f  t h e  m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  A C E  
n e c e s s a r y  t o  e n a b l e  ACE t o  check o u t  t h e  ATM would be  r e q u i r e d  
b e f o r e  a mean ingfu l  t rade-of f  a n a l y s i s  can  be made between t h e  
two approaches .  

2 . 9  P rov ide  Redundancy i n  t h e  ATM Radio Frequency 
Command System 

I n  t h e  c u r r e n t  MSFC ATM I / C  s y s t e m  d e s i g n ,  t h e  r a d i o "  
f r equency  p o r t i o n  o f  t h e  command s y s t e m  i n c l u d e s  one UHF 
an tenna  e l emen t ,  one UHF command r e c e i v e r  and one command 
decode r .  The o u t p u t  o f  t h e  decode r  d r i v e s  f i v e  s w i t c h  s e l e c t o r s  
l o c a t e d  i n  t h e  ATM and i n p u t s  data  t o  t h e  ATM d i g i t a l  computer 
and  t h e  ATM c o n t r o l  computer as d i c t a t e d  b y  t h e  r e c e i v e d  up- 
data  message. The crew has t h e  c a p a b i l i t y  t o  d r i v e  these 
same f i v e  s w i t c h  s e l e c t o r s  and t o  i n p u t  data t o  t hese  same ATM 
computers  manual ly  v i a  t h e  ATM c o n t r o l  p a n e l  which w i l l  be 
l o c a t e d  i n  t h e  LM-A. The crew a l s o  has t h e  c a p a b i l i t y  t o  d i sab le  
t h e  ATM command decode r  from t h e  c o n t r o l  p a n e l  l o c a t e d  i n  t h e  
LM-A which w i l l  i n h i b i t  a l l  up-data  messages from t h e  MSFN t o  ATM 
Although t h e  MSFN cou ld  command any ATM f u n c t i o n  v i a  t h e  up- 
da ta  l i n k  t h a t  t h e  crew can command manual ly  from t h e  ATM 
c o n t r o l  panel, MSFC e n v i s i o n s  t h e  command system t o  be used  f o r  
t h e  most par t  as a backup t o  t h e  crew a c t i o n s .  

It s h o u l d  b e  n o t e d ,  however, t h a t  use  o f  t h e  command 
s y s t e m  t o  per form housekeeping f u n c t i o n s  i n  t h e  ATM and t o  
l o a d  t h e  ATM computers  w i l l  conse rve  v a l u a b l e  crew t i m e  d u r i n g  
a s t a t i o n  pass f o r  c o n c e n t r a t i o n  on conduc t ing  the  s o l a r  e x p e r i -  
ments  and f o r  c o n s u l t a t i o n  w i t h  the MSFN on t h e  per formance  o f  
and r e s u l t s  from these expe r imen t s .  Fo r  i n s t a n c e  i n  t h e  I / C  
s y s t e m ,  t h e  crew c o u l d  b e  r e l i e v e d  of  t h e  d u t y  o f  t u r n i n g  t h e  
VHF t e l eme t ry  t r a n s m i t t e r s  on or o f f ,  o f  commanding t h e  tape 
r e c o r d e r  i n t o  t h e  r e c o r d  o r  p l ayback  mode, o f  s e l e c t i n g  t h e  pro-  
per  PCM data stream t o  be r o u t e d  t o  t h e  te lemetry t r a n s m i t t e r s ,  
o f  c a l i b r a t i n g  t h e  PCM t e l e m e t r y  s y s t e m ,  e t c .  It is a p p a r e n t  
t h a t  f a i l u r e  'of one component of  the r a d i o  f r equency  p o r t i o n  
of  t h e  ATM command system, as c u r r e n t l y  d e s i g n e d ,  w i l l  e l i m i n a t e  
t h i s  crew t i m e  s a v i n g  c a p a b i l i t y  and r educe  t h e  t i m e  a v a i l a b l e  
f o r  c o n s u l t a t i o n  w i t h  t h e  MSFN. 
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3 .0  Undefined Areas M e r i t i n g  A t t e n t i o n  as t h e  ATM and AAP 
C l u s t e r  Designs Evo lve  

The areas o f  t h e  ATM I / C  s y s t e m  d e s i g n  which have  n o t  
been f u l l y  d e f i n e d  which could  be problem areas i n  themse lves  
or cou ld  impact  or be  impacted by t h e  I / C  s y s t e m  d e s i g n  o f  
o t h e r  AAP c l u s t e r  modules o r  t h e  MSFN are l i s t e d  below and 
d i s c u s s e d  b r i e f l y  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

( a )  ATM Caut ion  and Warning s y s t e m .  

( b )  Vo l t age  breakdown o f  ATM I / C  equipments .  

( c )  ATM I / C  equipment o p e r a t i o n a l  mode d i s p l a y .  

( d )  Number o f  p o s s i b l e  ATM commands. 

( e )  I n t e r f a c e  between t h e  LM and ATM PCM t l e m e t r y  s y s t e m s .  

( f )  I n s t a l l a t i o n  of  S-band a n t e n n a  on t h e  ATM. 

( g )  E l e c t r o m a g n e t i c  c o m p a t i b i l i t y  o f  ATM sys tems and 
o f  t h e  o v e r a l l  AAP c l u s t e r .  

( h )  T i m e  c o r r e l a t i o n  o f  exper iment  f i l m  data,  v o i c e  
communications n o t e s ,  t e l e m e t r y  da ta ,  c l u s t e r  
a t t i t u d e  data ,  and expe r imen t  p o i n t i n g  data. 

3 . 1  Caut ion  and Warning S y s t e m  

The Caut ion  and Warning s y s t e m  o f  t h e  ATM has n o t  
been  d e f i n e d  i n  d e t a i l  n o r  has t h e  i n t e r f a c e  between t h e  ATM 
Cau t ion  and Warning s y s t e m  and t h e  co r re spond ing  s y s t e m s  of  
t h e  LM-A and t h e  o t h e r  modules compr is ing  t h e  o v e r a l l  AAP 
c l u s t e r .  It i s  a p p a r e n t  t ha t  t h e  d e s i g n  o f  t h i s  s y s t e m  o f  t h e  
ATM must be  compa t ib l e  w i t h  t h e  d e s i g n  o f  t h e  Cau t ion  and Warn- 
i n g  systems of t h e  ot’riei- n o d u l e s .  

3 . 2  Vo l t age  Breakdown of  ATM I / C  Equipments 

The c u r r e n t  d e s i g n  ph i losophy  b e i n g  pu r sued  by MSFC 
i n  t h e  d e s i g n  o f  t h e  ATM I / C  equipments  ( t r a n s m i t t e r s ,  t e l e -  
v i s i o n  cameras and d i s p l a y s ,  e t c . )  i s  t h a t  t h e  equipments  must 
be c a p a b l e  o f  o p e r a t i o n  i n  e i t h e r  a t o t a l  vacuum or i n  a i r  a t  a 
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p r e s s u r e  o f  one atmosphere.  Such a d e s i g n  would p r e c l u d e  
o p e r a t i o n  o f  h igh  v o l t a g e  equipments  d u r i n g  the  l aunch  phase 
when t h e  ambient a tmospher ic  p r e s s u r e  w i l l  Dass th rough  t h e  
c r i t i c a l  p r e s s u r e  range  where t h e  p o s s i b i l i t y  of v o l t a g e  
breakdown ( c o r o n a ,  a r c i n g ,  e t c . )  would r e a c h  a peak.  MSFC 
has gone t o  g r e a t  p a i n s  i n  the  d e s i g n  of t h e  ATM c a n n i s t e r  t o  
e n s u r e  r a p i d  v e n t i n g  of a l l  t r a p p e d  gases t o  t h e  vacuum o f  
o u t e r  s p a c e  and to minimize o u t g a s s i n g  o f  t h e  v a r i o u s  components 
o f  t h e  ATM s y s t e m s .  T h i s  was done p r i m a r i l y  t o  p r e v e n t  contam- 
i n a t i o n  o f  t h e  t e l e s c o p e  o p t i c s ,  b u t  a l s o  t o  p r o t e c t  h i g h  vo l -  
t a g e  equipments  from ambient env i ronmen t s  which enhance t h e  
p r o b a b i l i t y  of v o l t a g e  breakdown. F u t u r e  vacuum chamber t e s t -  
i n g  w i l l  be  r e q u i r e d  on t h e  LM-A/ATM t o  de t e rmine  t h e  t r u e  
envi ronment  o f  t h e  ATM equipments ,  i n c l u d i n g  p o s s i b l e  e f f e c t s  
o f  leakage from t h e  LM,and to d e t e r m i n e  t h e  r e a c t i o n  of t h e  
ATM I / C  equipments  to t h i s  envi ronment  i n  o r d e r  t o  e n s u r e  
adequacy of t h e  d e s i g n  of t h e  equipments  w i t h  r e s p e c t  t o  pro-  
t e c t i o n  from v o l t a g e  breakdown. 

3 .3  ATM I / C  Equipment O p e r a t i o n a l  Mode D i s p l a y  

I n  t h e  c u r r e n t  MSFC d e s i g n  o f  t h e  ATM c o n t r o l  and 
d i s p l a y  p a n e l  which w i l l  be l o c a t e d  i n  t h e  LM-A, t h e  o p e r a t i o n a l  
mode o f  a l l  o f  t h e  v a r i o u s  I / C  s y s t e m  equipments  ( t a p e  r e c o r d e r ,  
VHF t r a n s m i t t e r s ,  e t c . )  w i l l  n o t  be d i s p l a y e d .  I n  a d d i t i o n ,  
up-da ta  messages r e c e i v e d  by  t h e  ATM from t h e  MSFN w i l l  n o t  be 
d i s p l a y e d .  Consequent ly ,  t he  crew w i l l  n o t  be made aware o f  
changes i n  t h e  o p e r a t i o n a l  mode of t h e  v a r i o u s  I / C  s y s t e m  
equipments  commanded b y  t h e  MSFN u n l e s s  t h e  crew i s  a p p r i s e d  
o f  t h e  changes v i a  t h e  v o i c e  communications l i n k .  Depending 
upon crew a c t i v i t i e s  and t i m e l i n e s ,  as y e t  unde f ined ,  t h i s  
may be a problem area.  

3.4 Number o f  P o s s i b l e  ATM Commands 

A l l  o f  t h e  p o s s i b l e  commands which t h e  MSFN must be 
c a p a b l e  o f  s t o r i n g  and t r a n s m i t t i n g  t o  t h e  swi t ch  s e l e c t o r s  
o r  t h e  computers of t h e  ATM d u r i n g  t h e  nominal  ATM m i s s i o n  or 
f o r  any p o s s i b l e  c o n t i n g e n c i e s  must be i d e n t i f i e d .  A s imi la r  
e x e r c i s e  must be performed f o r  each  of  t h e  o t h e r  modules o f  
t h e  AAP c l u s t e r .  The t o t a l  command c a p a b i l i t y  r equ i r emen t  on 
t h e  MSFN must t h e n  be de te rmined  t o  e v a l u a t e  t h e  impact  on t h e  
command sys tem c a p a b i l i t i e s  o f  t h e  MSFN. I n  t h e  e v e n t  o f  an  
o v e r l o a d  of t h e  command s y s t e m  c a p a b i l i t i e s ,  t h e  bes t  s o l u t i o n  
may be to r educe  t h e  number of commands t o  t h e  v a r i o u s  modules 
of t h e  c l u s t e r  ra ther  than t o  augment t h e  MSFN. I n  t h i s  e v e n t ,  
t h e  s y s t e m s  d e s i g n  o f  t h e  v a r i o u s  modules would be impacted .  
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3.5 Interface Between the LM and ATM PCM Telemetry Systems 

The Manned Spacecraft Center (MSC) has identified 60 
measurements on LM-A systems required for mission control after 
the LM-A PCM telemetry system has been powered down. These 
measurements will be routed to the ATM PCM telemetry system for 
transmission in real-time to the MSFN. MSFC has assigned 
channel locations in the multiplexers of the ATM PCM telemetry 
system for these measurements. This interface has as yet not 
been defined by MSC which has the responsibility for the LM-A. 
A major problem area in the design of this interface is the 
existence of separate grounding systems in the LM-A and in the 
ATM. The final design of this interface could impact the I/C 
system of the ATM. 

3.6 Installation of an S-Band Antenna on the ATM 

MSFC has briefly considered installation of an 
S-band antenna system on the ATM for use by the LM-A Unified 
S-Band (USB) system, but will not proceed until a requirement 
for this antenna is defined by MSC. It appears likely that 
the S-band antennas of the LM-A will be masked during the 
docking maneuver of the LM-A/ATM and the AAP cluster and an 
antenna located on the base of the ATM might improve the S-band 
antenna coverage. However, MSC has not yet completed its 
antenna pattern measurements program to determine if the need 
for this additional S-band antenna exists. 

3.7 Electromagnetic Compatibility 

The design and test of all electrical and electronic 
equipments of the ATM will be required to comply with the 
requirements of the specification MIL-I-6181D. The requirements 
of specification MIL-E-6051C will apply to the ATM with all 
systems integrated and tests will be conducted to demonstrate 
a minimum of 6dB of margin between the maximum noise allowable 
and the interference noise at the most critical point of each 
of the various systems of the ATM. Since LM-A and ATM mating 
will occur at KSC, the only electromagnetic compatibility test- 
ing of the TrM-A and ATM performed at MSFC will be accomplished 
using a LM-A simulator. The value of this testing will depend 
largely on the quality of the LM-A sjmulator to be used. This 
simulator has yet to be defined. Similar electromagnetic 
compatibility testing will be performed by MSC on the LM-A 
using an ATM simulator. The electromagnetic testing programs 
to be implemented at KSC for the LM-A/ATM and for the overall 
AAP cluster have as yet not been defined. It is apparent that 
the measure of confidence of achieving an electromagnetically 
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compa t ib l e  LM-A/ATM and an  e l e c t r o m a g n e t i c a l l y  compa t ib l e  AAP 
c l u s t e r  w i l l  depend on t.he c o m p a t i b i l i t y '  t e s t i n g  program 
adopted  for implementa t ion  a t  K S C  and t h e  q u a l i t y  of  t h e -  ' 

v a r i o u s  module s i m u l a t o r s  used i n  e l e c t r o m a g n e t i c  c r m p a t l b j l i t v  
t e s t s  on t h e  s e p a r a t e  modules p r i o r  t o  module shipment  t o  KSC. 

3.8  T i m e  C o r r e l a t i o n  o f  Experiment  Data 

The on-board d i g i t a l  computer of t h e  ATM w i l l  p r o v i d e  
t i m e  o f  day  o r  m i s s i o n  elapsed t i m e  i n f o r m a t i o n  t o  t h e  PCM 
t e l e m e t r y  s y s t e m  f o r  i n c o r p o r a t i o n  i n t o  t h e  PCM d a t a  stream 
and t o  t h e  v a r i o u s  exper iments  f o r  i n c l u s i o n  i n  each  photograph  
t a k e n .  S y n c h r o n i z a t i o n  s i g n a l s  f o r  t h e  expe r imen t s  w i l l  be 
g e n e r a t e d  by t h e  PCM t e l e m e t r y  s y s t e m  and  r o u t e d  t o  t h e  a p p r o p r i -  
a t e  ATM expe r imen t s .  T h e r e f o r e ,  there  a p p e a r s  l i t t l e  problem 
i n  t i m e  c o r r e l a t i n g  ATM photography da ta  and ATM t e l e m e t r y  data .  
However, t i m e  c o r r e l a t i o n  between ATM exper iment  data w i t h  v o i c e  
data o r  o t h e r  d a t a  g e n e r a t e d  i n  o t h e r  modules o f  t h e  A A P  c l u s t e r ,  
i f  r e q u i r e d ,  may be a s i g n i f i c a n t  problem. I n  t h e  c u r r e n t  
p l a n n i n g ,  t h e  t i m i n g  systems o f  t h e  v a r i o u s  modules o f  t h e  AAP 
c l u s t e r  w i l l  n o t  be i n t e r c o n n e c t e d  and c o r r e l a t i o n  o f  da ta  
from t h e  v a r i o u s  modules w i l l  b e  an  e x e r c i s e  per formed by 
ground-based computers .  S ince  t h e  e x a c t  r e q u i r e m e n t s  f o r  t i m e  
c o r r e l a t i o n  o f  data from t h e  v a r i o u s  modules have y e t  t o  be  
i d e n t i f i e d ,  t h e  magnitude of  t h e  e f f o r t  r e q u i r e d  t o  deve lop  
t h e  c a p a b i l i t y  t o  per form t h e  n e c e s s a r y  t i m e  c o r r e l a t i o n  o f  
t h e  data  on t h e  ground has n o t  been assessed. Trade-off  a n a l y s e s  
may d i c t a t e  a r equ i r emen t  t o  i n t e r c o n n e c t  t h e  t i m i n g  sys tems o f  
t h e  v a r i o u s  modules which cou ld  impact  t h e  d e s i g n  of  t h e  ATM 
t i m i n g  sys tem.  
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ABSTRACT 

The Review Item Discrepancies generated by the 
Instrumentation and Communications working group on the 
conceptual design of the instrumentation and communications 
system of the Apollo Telescope Mount during the Preliminary 
Requirements Review for the Apollo Telescope Mount are 
discussed. Other areas in or related to the design of the 
instrumentation and communications system of the Apollo 
Telescope Mount which will merit close attention as the 
designs of the Apollo Telescope Mount and the overall cluster 
evolve are identified and briefly discussed. 
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